Abstract : Fifteen dry dentate and complete mandible samples from the White Rasquera goat breed were studied for symmetry. Thirty-one landmarks were digitally located on the images of the lateral and medial aspects of each hemimandible. Distances between these landmarks allowed the evaluation of the whole hemimandible and also the neural mandible. In the studied samples, the mandible was rather symmetrical, especially in the medial neural part, and in general, there was no side dominance. Only the diastema differed significantly between the sides, and this was related to the rostral part (incisive arch). The incisive region was the least symmetrical region of the caprine mandible, indicating a modular structure more conservative for the neural part. If unsigned asymmetry is interpreted as a measure of developmental stability, then the studied breed presented a marked ability to develop in good fitness despite the harsh environment. The measurements presented here can also be used as a reference for researchers designing experimental studies, especially on mandibular catch-up growth, and as an aid for zooarchaeologists comparing results from dead animals with those from living goat populations.
Introduction
The mandible has a complex origin involving both endochondral and intramembranous developments. Its ossification takes place in the membrane covering the outer surface of the first branchial arch [6] from different ossification centres [1] . The mandible appears in adults as a single bone. However, various portions or subunits are found during its development [11] . The main ossification centres correspond to the incisive part, the ventral margin of the molar part, the alveolar margin, the condylar process and the coronoid process [1] . Hence, developmental processes are expected to be different for each centre. Development of the alveolar margin is especially complex as it converts the mandibular nerve's traject into a canal [1] . The bone surrounding this mandibular nerve can be seen as the primitive corpus of the mandible or the neural part of the mandible and forms one unit to which the other parts are attached [2] .
In this paper, we present the first analysis of symmetry based on variations in the hemimandibles of a domestic goat breed. We hypothesised that the neural part of the mandible was bilaterally more symmetrical than the rest. The body of the mandible contains the mandibular canal, through which the mandibular artery and vein and the mandibular alveolar nerve pass [6] . The mandibular canal has its caudal opening in the mandibular foramen on the medial surface of the mandible; it passes rostrally, ventral to the dental alveoli and ends in the mental foramen on the lateral surface of the interalveolar margin [6] . This whole part was considered the neural mandible in this research. The parameters assessed in this study involved the foramina of the mandibular canal to characterise the neural mandible and compare it to the size of the mandible and its processes. The measurements presented here can also be used as a reference for researchers designing experimental studies, especially on mandibular catch-up growth, and as an aid for zooarchaeologists comparing results from dead animals with those from living goat populations.
Material and Methods
Fifteen dry dentate and complete mandible samples, fully preserved, were selected from the personal collection of the Sabaté family. The sex of these samples was unknown, but all of them belonged to the White Rasquera goat breed. The Blanca de Rasquera goat breed is the only autochthonous goat population located in Catalonia. It is bred for its meat and there are less than 5,000 animals belonging to this breed. All of them were adults (all molars erupted), since skeletal growth was complete, and so, age influences could be discounted. The mandibles were disarticulated and the skulls were not studied. Mandibles were then halved along the median line and both halves were used for the study. None of the mandibles presented apparent pathological deformities or malocclusions.
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Image capture
Image capture was performed with a Nikon D70 digital camera (image resolution of 2,240 × 1,488 pixels; Nikon, Japan) equipped with a Nikon AF Nikkor 28-200 mm telephoto lens (Nikon). The focal axis of the camera was parallel to the horizontal plane of reference and centred on the lateral and medial aspects of each hemimandible. A ruler was used in this process (interval 100 mm). For the lateral aspect, 11 bilateral landmarks were established (Fig. 1A) . For the medial aspect, 10 bilateral landmarks were established (Fig.  1B) . The chosen landmarks were referred to as major anatomical mandibular structures. Nomina Anatomica Veterinaria [5] and Driesch [3] were used to guide the spelling of anatomical and zoological terms in this investigation. Two replicas were performed for the lateral aspect. A Mantel test between the two replicates reflected R = 0.998, p < 0.001, which suggested that the matrix entries were positively associated and thus, digitising error was considered negligible.
The inter-landmark distances were: dorsal point vertical to the mental foramen (DME)-Oral border of the alveolus of pM 
Mandible size
The overall size of each hemimandible was evaluated on both sides (right and left) by the distances DME-PM 
Ethics statement
No specific permits were required for this study as it did not involve the slaughtering of any animal or endangered or protected species.
Data analysis
For each parameter, the mean and standard deviation (SD) were calculated for both the right and left sides. Paired Student t (Wilcoxon) test and Spearman's rank correlation coefficient (r s ) were used to compare data on the left (L) and right (R) sides of each animal using a 5% statistical significance. For each parameter, the raw unsigned difference |R-L| as well as the relative unsigned difference |R-L|/|R+L| × 100 were computed. This calculation allows the determination of individual differences in size and provides a value for asymmetry of each individual [13] . The result of this ratio-formula gives a range from 0% (complete symmetry) to 100% (asymmetry) [13] . It allowed us to compare the relative changes while taking into account the mandibular size. In humans, a Conservative neural symmetry of the caprine mandible 209 relative unsigned difference superior to 3% is considered clinically discernible [7] . In the case of symmetry, the modal distribution of signed right-left differences was assessed using the Shapiro-Wilk test using 5% statistical significance.
Data were analysed using PAST (Paleontological Statistics Software Package for Education and Data Analysis) [4] .
Results

Mandible size
The total length of the hemimandible (distance SUP-CON) was equal on both sides (t = 1.14, p < 0.05): 135.42 ± 5.89 and 134.75 ± 5.76 mm for the right and left hemimandibles, respectively, which were also well correlated (p << 0.001). The mean linear difference for the mandible size ranged from 0.50 (MEN-CON) to 8.39 (IFR-SUP).
On the lateral aspect (Table 1) , there was only a significant asymmetry in the IFR-SUP distance, which was clearly large in the left hemimandible. The relative unsigned difference between the sides was high (8.4%), but the variation was symmetrically distributed around 0 (Shapiro-Wilk's W = 0.912, p = 0.149). On the medial aspect (Table 2) , there was only a significant asymmetry in the PM 2 -SUP distance, which was slightly larger at the left side. Although the right diastema tended to be shorter, the relative unsigned difference between the sides was low (1.3%) and the distribution was unimodal with a mean of zero and a variation symmetrically distributed around 0 (Shapiro-Wilk's W = 0.934, p = 0.314).
Neural mandible
The positions of the mental and mandibular foramina were symmetric for the studied samples. The relative differences superior to 3% corresponded to distances linked to MEN and MAN, except for the IFR-SUP distance. Relative unsigned differences tended to be larger for MEN and MAN, which were also positively related to mandible size. Means are given in mm.
